In northwestern Spain, the grounded whole kernel of flint maize (Zea mays L.) landraces is 10 traditionally used for making bread and other bakery products. We have identified some 11 local varieties appropriate for traditional bakery. Thus far, evaluations have been made 12 under low corn borer pressure, but to know their ability to compete for yield and quality in 13 a wider area, evaluations should be done under higher corn borer, specifically targeting 14 Sesamia nonagrioides (Lepidoptera: Noctuidae) and Ostrinia nubilalis (Lepidoptera: Crambidae) 15 pressure. Therefore, the objectives of this study were to explore the stem and ear resistance 16 to corn borer attack of maize landraces already evaluated for yield, kernel, and bread tasting 17 qualities under organic farming conditions and to know possible relationships among yield, 18 quality and corn borer damage traits. No significant correlation coefficients were detected 19 between yield and quality-related traits. Therefore, simultaneous progress for yield and 20 quality could be made. Many varieties providing high yield and kernel density under high 21 insect pressure were similar to the ones selected by the same characteristics under low 22 insect pressure in a previous study. However, under high insect pressure, varieties with less 23 stem and shank damage by S. nonagrioides, are recommended for reducing losses and the risk 24 of kernel contamination with fumonisins. Among the late varieties, Bianco Perla would be 25 the most appropriate to obtain high yield along with reduced stem damage by S. nonagrioides 26 and reduced risk of fumonisin contamination. In areas with shorter growing season, EPS12 27 (Malvar et al. 2004). Damage is mostly done by larvae of the second and 36 subsequent generations that enter into the maize stalk after hatching and feed on the stalk 37 pith (Malvar et al. 2008). Maize yield is affected by corn borer tunneling which interferes 38 with assimilate movement and increases the risk of stalk lodging. In addition, corn borer 39 damage can affect plant health by vectoring Fusarium moniliforme and facilitating fungal 40 infections (Sobek and Munkvold 1999). The yield loss produced by corn borer attack of the 41 ear is less important than yield reduction associated to stalk tunneling, but this kind of 42 damage has been described as an important factor for favoring high levels of fumonisins in 43 maize kernels (Avantiaggiato et al. 2002, Butron et al. 2006a). Larvae of O. nubilalis enter 44 into the ear mainly trough the silk channel, whereas larvae of S. nonagrioides enter 45 preferentially trough the ear shank (Velasco et al. 2002). World-wide control of corn borers 46 in maize can involve either insecticide applications or the use of Bt-maize; however, 47
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In Europe, two lepidopteran corn borers, O. nubilalis (European corn borer) and S. 34 nonagrioides (pink stem borer or Mediterranean stem borer) are the primary species attacking 35 maize (Zea mays L) (Malvar et al. 2004) . Damage is mostly done by larvae of the second and 36 subsequent generations that enter into the maize stalk after hatching and feed on the stalk 37 pith (Malvar et al. 2008 ). Maize yield is affected by corn borer tunneling which interferes 38 with assimilate movement and increases the risk of stalk lodging. In addition, corn borer 39 damage can affect plant health by vectoring Fusarium moniliforme and facilitating fungal 40
infections (Sobek and Munkvold 1999) . The yield loss produced by corn borer attack of the 41 ear is less important than yield reduction associated to stalk tunneling, but this kind of 42 damage has been described as an important factor for favoring high levels of fumonisins in 43 maize kernels (Avantiaggiato et al. 2002 , Butron et al. 2006a ). Larvae of O. nubilalis enter 44 into the ear mainly trough the silk channel, whereas larvae of S. nonagrioides enter 45 preferentially trough the ear shank (Velasco et al. 2002) . World-wide control of corn borers 46 in maize can involve either insecticide applications or the use of Bt-maize; however, 47 7 dividing tunnel length by stem length and multiplying by 100. On the corresponding ears, 120 kernel and shank damage were estimated on a 9-point scale (from 1 = wholly damaged, to 121 9 = without injury). In each plot, the percentage of grain moisture at harvest was recorded, 122 and yield at 140 g kg -1 moisture content was calculated. Kernel density was measured by the 123 ethanol column test method developed by Paulsen and Hill (1985) . A 30-g sample of dried 124 corn was placed into a graduated buret containing ethanol, and the kernel density in g/cm 3 125 was calculated as the ratio between the sample weight and the displaced volume of ethanol. 126
A milling test was performed measuring the percentage of the weight of flour passing a 127 sieve of 1mm netting diameter after milling 50 g grain samples with a grinder during a 128
given time (15 s). 129
For each corn borer species, a combined analysis of variance across years was 130 performed with the PROC GLM procedure of the SAS package (2000) . Genotype was 131 fixed and years and replications were random factors. Mean comparisons were made by 132 using the Fisher's protected LSD. To study the possible relationships among yield, quality 133 and damage-related traits, the effect of precocity was controlled by computing the 134 correlation coefficients between the residuals of the two variables after regression on days 135 to silking (SAS 2000) . 136
137

Results
139
Differences among genotypes were significant for days to silking, yield, and tunnel length 140 either under infestation with S. nonagrioides or O. nubilalis (Tables 1 and 2 ). However, 141 genotypes were significantly different for kernel moisture, stem damage and kernel density 142 under infestation with O. nubilalis, whereas differences among genotypes for shank health 143 were only significant under infestation with S. nonagrioides. The year × genotype interaction 144 was significant only for days to silking and ear health under infestations with S. nonagrioides 145
and O. nubilalis, respectively. 146
Days to silking varied from 50 days for Celanova to 68 days for Bianco perla. The 147 landraces Meiro and Bianco Perla produced the highest yield and did not differ from the 148 best variety for kernel density, EPS12(S)C3 (Tables 3 and 4 ). In general, the damage of 149 corn borers to the stem was high (>30% of the stem). Damage to the ear was less 150 important because no variety had kernel health values below 7. Accounting for all damage 151 by both corn borer species, EPS21(FR)C1, EPS12(S)C3, Rebordanes, and Gallego were the 152 least damaged. Some varieties, such as Bianco Perla and Tuy(S)C1, showed high levels of 153 tunneling, but did not differ from the least damaged variety for stem damage because these 154 varieties had taller plants. Meiro and Ribadumia were among the most resistant varieties to 155 shank damage, but had high levels of stem tunneling. By contrast, Celanova had a high 156 proportion of shank damage, but tunnel length and stem damage did not differ from the 157 least damaged variety, EPS12 (T) C3. 158
In general, later genotypes produced higher yields, longer tunnel lengths, and higher 159 kernel density. As the precocity effect is very important, correlation coefficients between 160 yield, quality-related and damage-related traits, subtracting the effect of precocity (days to 161 silking), were performed ( Velasco et al. (1999) also concluded that resistance levels to both corn borer 172 species were not independent; however, their assessment should be taken with caution 173 because natural infestation of the predominant species could mask the damage by other 174 corn borers (Malvar et al. 2004a) . Therefore, in coastal northwestern Spain, higher 175 abundance and voracity of S. nonagrioides larvae compared to O. nubilalis larvae (Velasco et 176 al. 2007 , Sandoya et al. 2008 suggest that the damage evaluated in this work is done 177 primarily by S. nonagrioides and conclusions should be restricted to this corn borer species. 178
The differences found between both infestations could be explained by the higher or lower 179 pressure of S. nonagrioides larvae. As S. nonagrioides larvae pass from stem to ear through the 180 shank (Malvar et al. 2004b) , only homogeneous presence of the insect, guaranteed by the 181 infestation with S. nonagrioides eggs, allowed discrimination among genotypes for shank 182 health. Slightly reduced damage by O. nubilalis allowed detection of differences for stem 183 damage and kernel density. 184
Genotypes flowering later tend to be vigorous, taller and more productive. In 185 addition, as corn borer larvae preferentially attack the stem bellow the main ear (Velasco et 186 al. 2007 ), tall plants would provide larger extensions to be damaged because plant and ear 187 heights are highly correlated. Therefore, to study the possible relationships among yield, 188 quality and damage-related traits, the effect of precocity was controlled. No significant 189 correlation coefficients were detected between yield and quality-related traits. Therefore, 190 simultaneous progress for yield and quality could be made as has been previously stated 191 (Cavanaugh et al. 1995) . In addition, increased resistance to stem damage was associated 192 with higher kernel density. Godfrey et al. (1991) (Hudon and Chiang 1985 , 204 Reid et al. 1991 , Melchinger et al. 1998 , Malvar et al. 1993 , 2004a , 2007 , Butron et al. 1999 , 205 2006a , Soengas et al. 2004 . However, previous studies have pointed out the importance of 206 examining broad groups of germplasm because each germplasm group could have distinct 207 resistance profiles (Reid et al. 1991) . In this work, landraces with high bread tasting 208 qualities have been evaluated because they could be directly used by organic farmers. 209 S. nonagrioides larvae attack stems rather than ears, and genetic differences were not 210 detected for kernel attack. However, kernel and shank health were highly correlated and 211 genotypes significantly differed for shank health. Therefore, decreasing the level of damage 212 on the shank could prevent, in part, kernel damage by borers and subsequent mycotoxin 213 contaminations because S. nonagrioides larvae generally penetrate the ear through the shank 214 for obtaining high quality flours under high insect pressure conditions. 234
As conclusions, varieties that stood out for showing high yield and kernel density 235 under high insect pressure were similar to those selected by the same characteristics under 236 low insect pressure in a previous study. However, under high insect pressure, the varieties 237
Bianco Perla, EPS12 (T) C3 and Rebordanes, which showed less stem and shank damage 238 by S. nonagrioides, are recommended for reducing losses by S. nonagrioides and the risk of 239 kernel contamination with fumonisins. Malvar, R.A., Cartea, M.E., Revilla, P., Ordás, A., Álvarez, A., Mansilla, J.P.. 1993. Sources 314 of resistance to pink stem borer and European corn borer in maize. Maydica 38, 315
313-319. 316
Melchinger, A.E., Kreps, R., Späth, R., Klein, D., Schulz, B. 1998 
